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Abstract 
In the present work the steady state conditions for the LP turbine used in the steam cycle of PHWR is 
analyzed using the RELAP/SCDAP code. The LP turbine containing five stages is simulated. The mass 
flow rate, pressure and quality of each stage is checked. It is observed that the code is successfully 
simulating all the stages of the turbine.    
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1. Introduction 
    Pressurized Heavy Water Reactor (PHWR) contains the moderator in a large tank called calandria, 
which is penetrated by several hundred horizontal pressure tubes [1]. These tubes form channels for the 
fuel, cooled by a flow of heavy water under high pressure. The primary coolant generates steam in a 
secondary circuit to drive the turbines [2]. The pressure tubes are designed such that the reactor can be 
refueled progressively without shutting down, by isolating individual pressure tubes from the cooling 
circuit. The water is circulated continuously in a closed loop steam cycle for the heat transfer. It turns 
into steam by heat transfer from the primary loop in steam generator [3]. Steam drives the turbine to 
generate electricity. This steam is then condensed and returned under pressure to the reactor core.  
Saturated steam from the steam generator is expanded in the high pressure (HP) turbine to provide shaft 
work output at constant entropy. The moist steam from the exit of the HP turbine is dried in the 
moisture separator (MS) by removing the moisture content. The dried steam from the MS is 
superheated in reheater by using the secondary steam. Super heated steam from the reheater is expanded 
in the low pressure (LP) turbine to provide shaft work output at constant entropy. The steady state 
conditions for the LP turbine used in the steam cycle of PHWR are analyzed using the RELAP/SCDAP 
code [4]. It is common to use a number of stages in a turbine to convert the useful heat energy in the 
steam into mechanical energy [5].  
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The LP turbine containing four stages is simulated. The mass flow rate, pressure and quality of each 
stage is checked. It is observed from the analysis that the  code is giving correct pressure for every stage 
but the mass flow rate for all  the stages other than the first stage is not coming proper as given in the 
input. Further study is being done to remove these contradictions. The  data obtained from Rajasthan 
Atomic power plant (220 MWe) is used for this analysis. 
2. Relap/Scdap Mod 4.0 
    RELAP/SCDAP code designed to predict the behavior of reactor systems during normal and accident 
conditions is being developed at Innovative Sys tem Software (ISS) as part of the international SCDAP 
Development and Training Program (SDTP) [4]. The basic models of RELAP/SCDAP code are from 
RELAP5 code developed by US Nuclear Regulatory Commission (USNRC) for rule making, licensing 
audit calculations, evaluation of operator guide lines and as a basis for nuclear plant analyzer. Specific 
applications of this capability have included simulations of transients in Light Water Reactor (LWR) 
systems such as loss of coolant, anticipated transients without scram (ATWS), and operational transients 
such as loss of feed water, loss of offsite power, station blackout and turbine trip. This code is highly 
generic code, that in addition to calculating the behavior of reactor coolant system during a transient, can 
be used for the simulation of vide variety of thermal and hydraulic transients in both nuclear and non 
nuclear systems involving mixtures of steam, water, noncondensables and solute. The code  contains one 
dimensional, non homogeneous and non equilibrium model for two phase flow and a point model for 
reactor kinetics. The code uses finite difference method to solve the partial differential equations of 
mass, momentum and energy with the help of fortran-90 language. 
3. Modeling of LP Turbine 
    The low pressure turbine model is of seven stages in which the first and the last stages are artificial 
turbine which is a condition [6] for the RELAP code, so in actual there are five turbine stages. Each 
stage is having a flow area of 22.0 square meters, flow length of 15.0 meter. Pressure of 5.64 x 105 Pa is 
maintained at the first artificial turbine with static quality 1.0. Component number to the first artificial 
turbine is given to be 401 and the consecutive stages are 402, 403, 404, 405 and 406. At last another 
artificial turbine having component number 407 is connected. These all Turbine stages are connected to 
a common shaft having component number 555. Pressure gradient is established between the Turbine 
stages. First stage Turbine 402 is having pressure 5.64 x 105 Pa and the consecutive stages 403, 404, 
405 and 406 are having pressures 3.27 x 105 Pa, 1.72 x 105 Pa, 0.77 x 105 Pa and 0.32 x 105 Pa. The last 
artificial turbine 407 is having pressure same as the pressure of last stage turbine 406.  Moment of 
Inertia and the rotational speed of each Turbine stage is 99.872 Kg/m2 and 314.28 radians/sec 
respectively. As suggested in the RELAP manuals [7] the CCFL is on for the first artificial turbine stage 
and for the remaining other stages it is off. Constant efficiency stage group, the mean stage radius is 
1.5m. Table 1 contains the component number, name, pressure, mass flow and quality of each Turbine 
stage. The nodalisation of the LP turbine is given in fig.1. Components 510,525,956,959,962 and 965 
are time dependent volumes, which can work as source or sink for the fluid. Time dependent volume is 
the inbuilt component of RELAP/SCDAP code, which provides user a privilege to use any component 
of the closed system and use it in open loop. Branches 518,519,520,521 are added to the turbine system 
to extract a steam bleed from them.   
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Fig.1 Nodalisation of LP turbine, taken for the input file of RELAP/SCDAP code 
Table 1 
Component Number Name Pressure Mass flow Quality 
401 Inlet artificial turbine 5.64 x 105 Pa 279.94 Kg/s 1.0 
402 Ist stage Turbine 5.64 x 105 Pa 279.94 Kg/s 1.0 
403 IInd stage Turbine 3.27 x 105 Pa 269.22 Kg/s 1.0 
404 IIIrd stage Turbine 1.72 x 105 Pa 257.81 Kg/s 1.0 
405 IVth stage Turbine 0.77 x 105 Pa 238.5 Kg/s 0.963 
406 Vth stage Turbine 0.32 x 105 Pa 220.21 Kg/s 0.929 
407 outlet artificial turbine 0.32 x 105 Pa 220.21 Kg/s 0.929 
Table shows component number, name, pressure, mass flow and quality corresponding to each stage of 
LP turbine.  
4. Results and Discussions 
    Figure 2 shows that the mass flow rate in the steady state of the LP turbine stage 402 predicted by 
RELAP/SCDAP MOD 4.0 is 279.94 kg/s, pressure shown by fig.4 for the same stage 402 in the steady 
state is 604 x 105and the quality for the same stage is 1.0 shown in fig.6. These values are in exact 
agreement to the values of mass flow, pressure and quality for the same stage 402 in the input file to the 
code. Similarly the values of mass flow, pressure and quality for the stage 404 shown in fig.3, fig.5 and 
fig.7 respectively are also in close agreement with the values taken in the input file of the code. In the 
same way the values of mass flow, pressure and quality for the stage 404 and same quantities for the 
stage 405 respectively are showing good agreement.  
 
 
 
 
 
 
 
 
 
 
 
 
370  Brij Mohan Sharma et al. / Energy Procedia 7 (2011) 367–373
 
0 50 100 150 200
260
270
280
290
300
m
as
s 
flo
w
 (
kg
/s
ec
)
time (sec)
mass flow 402
 
Fig.2 plot showing mass flow Vs time for the LP Turbine stage 402. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 plot showing mass flow Vs time for the LP Turbine stage 404. 
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Fig.4 plot showing pressure Vs time for theLP Turbine stage 402. 
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Fig.5 plot showing pressure Vs time for the LP Turbine stage 404. 
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Fig.6 plot showing quality Vs time for theLP Turbine stage 402. 
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Fig.7 plot showing quality Vs time for the LP Turbine stage 404. 
5. Conclusion 
    Hence we conclude that the inbuilt Turbine subroutine in RELAP/SCDAP MOD 4.0 code is 
simulating the actual PHWR LP Turbine system properly and the results are matching with the PHWR 
LP turbine parameters. 
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